1. Introduction {#s1}
===============

miRNAs, a subset of small non-coding single-strand RNAs approximately 22 nucleotides (nt) long, have emerged as a group of important regulators of gene expression at the post-transcriptional level.[@b1]--[@b5] The action of mature miRNAs rely on the miRNA-induced silencing complex (miRISC), in which miRNA recognize target mRNA by binding to the complementary sequence of 3′ untranslated region of the target.[@b2]--[@b4] MiRISC promote target mRNA encoded protein down-regulation by either degrade or repress the translation of mRNA.[@b5]

Recent studies have suggested miRNAs are involved in the regulation of myocardial ischemia reperfusion (I/R) injury.[@b6],[@b7] Cardiac stress including myocardial reperfusion injury could induce altered expression of miRNAs, and studies using miRNAs arrays or real-time quantitative PCR have consistently found that the miR-15 family are up-regulated in myocardial ischemia and heart failure.[@b8] The miR-15 family members include miR-15a, miR-15b, miR-16, miR-195, miR-424 and miR-497.[@b9],[@b10] One study showed that miR-195 was up-regulated during cardiac hypertrophy, an overexpression of which could result in pathological cardiac growth and heart failure in transgenic mice.[@b11] But the exact function of other members of the family is still unclear.

Cardiomyocytes are conventionally thought to be terminally differentiated with limited regenerate capacity; the amount of acute and chronic cell loss after myocardial infarction is the key factor that affects cardiac function and patient prognosis. Reperfusion may induce more cell apoptosis, which is detrimental for cardiac function recovery.[@b12]--[@b15] Research involving tumor cells suggest miR-15a, miR-15b, and miR-16 regulate apoptosis by post-transcriptionally down- regulating Bcl-2 protein.[@b16]--[@b18] In the present study, we tested the hypotheses that miR-15a, miR-15b, miR-16 may play a role in myocardial reperfusion injury by regulating apoptosis.

2. Methods {#s2}
==========

2.1. I/R injury model in mice {#s2a}
-----------------------------

Thirty male mice (Kunming, eight to ten weeks) were randomly divided into control group and I/R group, then anesthetized intramuscularly with 2% sodium pentobarbital. Ischemia was achieved by using a 7.0 prolene suture around the left anterior descending coronary artery (LAD) and tied with a slipknot for 30 min, after which the knot was relaxed and the heart was allowed reperfusion for 24 hours. After reperfusion, mice were sacrificed and hearts were harvested for RNA isolation and TUNEL assay (Roche, Germany). The same procedure was performed on control hearts without tying the suture.

2.2. TUNEL assay {#s2b}
----------------

The determination of cell apoptosis was performed using TUNEL assay according to manufacturer\'s instruction. Briefly, the cardiac tissue from infarct border zones was sectioned at 50 µm thickness and stained. The ratio of apoptotic (green) nuclei *vs.* total nuclei (blue) was calculated and compared with the control group.

2.3. Isolation and culture of neonatal rat cardiomyocytes {#s2c}
---------------------------------------------------------

The hearts from Sprague-Dawley rats born within 24 hours were minced and digested with trypsin. The primary neonatal rat cardiomyocytes were cultured in DMEM containing 10% neonatal bovine serum (NBS) and gentamicin. After synchronization, the medium was replaced with DMEM free of NBS before the cells were exposed to hypoxia, which was induced by placing the culture dishes into a hypoxic incubator filled with 95% N~2~ and 5% CO~2~ at 37°C. After 6 hours hypoxia, the dishes were transferred to a normoxic incubator for 24 hours reoxygenation. All the cell experiments were repeated for three times.[@b19]

2.4. Cell viability assessment {#s2d}
------------------------------

Trypan blue staining was used to determine cell death with the number of Trypan blue-positive and Trypan blue- negative cells counted by hemocytometer under microscope.

2.5. Flow cytometry analysis of cell apoptosis by labeled Annexin V/PI {#s2e}
----------------------------------------------------------------------

After hypoxia/reoxygenation (H/R), (1∼5) × 10^5^ primary neonatal cardiomyocytes were collected and washed with phosphate buffer solution (PBS), the cells were resuspended in binding buffer followed by Annexin V-FITC and propiduim iodide (PI) double-stain according to the manufacturer\'s instruction, and then the samples were examined by a flow cytometer (BD, USA).

2.6. Isolation of total RNA and real-time PCR {#s2f}
---------------------------------------------

Total RNA was isolated from mice heart tissues or cultured cells using Trizol (Invitrogen, USA) according to the manufacturer\'s instructions. The concentration of extracted RNA was quantified by UV spectrophotometer, the A~260~/A~280~ needs to be about 1.8∼2.0. Then real-time PCR was used to quantify the expression of miR-15a, miR-15b, miR-16 with specific Taqman assays (Applied Biosystems, USA) and Taqman universal master mix (Applied Biosystems, USA). Briefly, we constructed 15 µL reverse transcript system with 10 ng total RNA, and real-time PCR system of 10 µL, containing eight µL Taqman Universal PCR master mix, one microlitre Taqman assay and one microlitre RT product. The 2^−ΔΔCT^ relative quantification method was applied, and U6 served as internal reference. The 2^−ΔΔC^ indicates the fold change in gene expression relative to the untreated control, the equation displayed as ΔΔCT= (C~T,Target~ -- C~T,U6~)~I/R\ or\ H/R~ -- (C~T,Target~ -- C~T,U6~)~control~.[@b20]

2.7. Animal care {#s2g}
----------------

All animal experiments were approved by the animal research ethics committee of the Chinese PLA General Hospital, Beijing, China.

2.8. Statistical analysis {#s2h}
-------------------------

Quantitative data are presented as mean ± SE. Statistical significance was determined using student *t* test for two group comparisons. *P* \< 0.05 was considered as statistically significant.

3. Results {#s3}
==========

The mice I/R model was successfully made by temporary occlusion of the LAD coronary artery for 30 min while monitoring with ECG; the ST segment elevation could be observed in lead II. After 24-h reperfusion, triphenyltetrazolium chloride (TTC) and Evans blue double stain was performed to evaluate the extent of infarction area, the I/R group exhibited significant infarction area (I/R infarction size, 21.38 ± 2.22%, *n* = 5) whereas control group showed no infarction. Representative photos of both control group and I/R group are shown in [Figure 1A](#jgc-09-01-028-g001){ref-type="fig"}.

To further investigate the injury induced by I/R *in vivo*, TUNEL assay was performed to detect the apoptotic cells. As displayed in [Figure 1B](#jgc-09-01-028-g001){ref-type="fig"}, TUNEL assay showed the proportion of apoptotic cells were significantly increased in I/R group compared with control group (24.4% ± 9.4% *vs.* 2.2% ± 1.9%, *P* \< 0.01, *n* = 5). [Figure 2](#jgc-09-01-028-g002){ref-type="fig"} shows that the neonatal cardiomyocytes subjected to H/R presented significant cell death, and flow cytometry analysis confirmed that the cell death is mainly contributed by apoptosis (14.12% ± 0.92% *vs.* 2.22% ± 0.08%, *P* \< 0.05 compared with control, *n* = 3), ([Figure 2B](#jgc-09-01-028-g002){ref-type="fig"}).

![Myocardial infarction induced by I/R through occlusion of LAD. Mice I/R models were established by occluding the LAD coronary artery for 30-min and followed by 24-h reperfusion. (A): middle transverse section of the heart stained with TTC and Evans blue (white--gray area represents area of necrosis, blue area represents normal perfusion zone, brick-red area represents ischemic zone); (B): the surgery protocols for I/R group and control group; (C): TUNEL assay was performed in infarct border zone (blue-positive indicates all the nuclei, green-positive indicate apoptotic nuclei, × 400); (D), the proportion of apoptotic cells (24.4% ± 9.4% *vs.* 2.2% ± 1.9%, compared with sham group, *P* \< 0.01, *n* = 5). I/R: ischemia reperfusion; LAD: left anterior descending coronary artery.](jgc-09-01-028-g001){#jgc-09-01-028-g001}

![H/R induced cell apoptosis and death. (A): cell viability detected by trypan blue (the percentage of trypan blue-negative cells, *n* = 3); (B): cells were labeled by Annexin V-FITC and PI (upper right represent late phrase apoptotic cells, lower right represent early phrase apoptotic cells, upper left represent necrotic cells, lower left represent normal cells); (C): the percentage of lower right region cells plus upper right region cells, H/R induced significant increase of cell apoptosis compared with control (*P* \< 0.01, *n* = 3). H/R: hypoxia/reoxygenation; PI: propiduim iodide.](jgc-09-01-028-g002){#jgc-09-01-028-g002}

To further explore the molecular mechanism of myocardial I/R injury, we performed real-time quantitative PCR analyses to investigate whether miR-15a, miR-15b and miR-16 were involved in I/R or H/R. As shown in [Figure 3A](#jgc-09-01-028-g003){ref-type="fig"} and [B](#jgc-09-01-028-g003){ref-type="fig"}, we found the miR-15a and miR-15b expression levels were increased in the mice I/R model and cardiomyocytes exposed to H/R *in vitro* (*P* \< 0.05). The MiR-16 expression had no significant difference between I/R or H/R in the control group, both *in vivo* and *in vitro*.

![Quantitative, real-time PCR (Taqman) displaying miR-15a, miR-15b, miR-16 fold change in mice I/R model group (A), and in cardiomyocytes H/R model group (B) compared with control (normalized to U6), repectively, ^\*^*P* \< 0.05.](jgc-09-01-028-g003){#jgc-09-01-028-g003}

4. Discussion {#s4}
=============

Cardiomyocytes are cells with limited regenerative capacity, and their viability is very important for the maintenance of the heart function. In myocardial I/R injury, cardiomyocytes undergo apoptosis on a large scale. These apoptotic cell deaths account for the acute cell loss in the infarct area and the chronic cell loss in the infarct border zone. TUNEL data from this study revealed apoptosis was dramatically increased in hearts subjected to I/R. The data of Annexin-V/PI labeling flow cytometry also revealed apoptosis was increased in the cultured cardiomyocytes subjected to H/R. Our findings are consistent with previous experimental and clinical studies.[@b12],[@b19]

Over the past decade, there were many studies investigating the functions of miRNAs, showing some of these RNAs participate in regulating cardiovascular disease. Some miRNAs are up-regulated in response to I/R, as displayed by our results, while I/R could induce dynamic expression changes of miR-15a and miR-15b. Also, our results indicated that cardiomyocytes exposed to hypoxia lead to similar change. These data suggest that miR-15a and miR-15b may play an important role during I/R injury. Accumulating evidence strongly suggests the miR-15 family has a relationship with apoptosis. In rat activated hepatic stellate cells, miR-15b and miR-16 were decreased and were found to be related to apoptosis by targeting Bcl-2.[@b17].

Previous studies have found that the mitochondrial permeability transition (mPTP) opening would lead to the collapse of the membrane potential and the efflux of pro- apoptosis factors is particularly important if myocardial I/R injury happened on the moment of blood flow restore.[@b21],[@b22]. Whereas mPTP is regulated mainly by Bcl-2 family, and especially Bcl-2/Bax is a crucial factor for mitochondrial apoptotic pathway by controlling mitochondrial membrane integrity.[@b23].

Since both miR-15a and miR-15b are the upstream regulators of Bcl-2, miR-15a and miR-15b are up-regulated in myocardial I/R injury, miR-15a and miR-15b may regulate mitochondrial apoptotic pathway by targeting Bcl-2. It is suggested that the knockdown of miR-15a and miR-15b could be a therapeutic strategy for myocardial I/R injury.

4.1. Study limitation {#s4a}
---------------------

The limitation of the current study is that we haven\'t directly investigated the effect of miR-15a and miR-15b on apoptosis of cardiomyocytes and the downstream signaling transduction through over expression or down expression, although the studies in tumor cells have provided evidence that miR-15a and miR-15b have an intimate relationship with apoptosis. In the future, we will attempt to verify the role of miR-15a and miR-15b in myocardial I/R induced apoptosis and the signaling pathway.

4.2. Conclusion {#s4b}
---------------

Both miR-15a and miR-15b are related to myocardial I/R injury, and these RNAs may play an essential role in apoptosis by targeting Bcl-2 and caspase signaling pathway. The down-regulation of miR-15a/b may be a promising strategy to reduce myocardial apoptosis induced by cardiac I/R injury.
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